Experimental study is presented of an electron temperature in an intense soft-x-ray heated plasma through extreme ultraviolet spectroscopy. Temperatures obtained from time integrated x-ray line aud continuum emissions were found to be T, 53I (10' W/cm ) (eU) for Al plasma over the range of intensities of 10'i to 6&10' W/cm2. The intensity scaling of temperature is compared with an analytical model and is found to agree well with this model.
The energy transport has been found to be mostly carried out by sub-keV x rays in high-Z matter irradiated at interest (a few times 10' W/cm2) laser intensities. ' Thus, it becomes particularly important to understand the x-ray interaction with a solid matter. In addition to such basic physical processes, a study of x-ray heating of solid matter is also practically important for various applications using intense x rays such as x-ray backlighting, x-ray lithography, and x-ray laser with a photopumping scheme. In such application, there are unavoidable problems in that the x-ray-irradiated objects are heated by the x rays of unnecessary photon energy components. There have been a few experimental studies about intense x-ray interaction with solid matter which were published in open literature.
In this paper, we present measurements of an electron temperature of x-ray-heated Al plasma for the first time.
s Soft x rays penetrate into a high-density region and heat up a certain volume, resulting in the lowering of the temperature of heated plasmas (e.g. , 100 eV). 4 By Al E-shell diagnostics we cannot measure such a relatively low temperature because it was shown that the line intensity ratios formed from lines from H-like and He-like iona provided plasma temperatures of more than about 300 eV. Even X-ray spectral measurements were performed using a flat-field grazing incidence XUV spectrometer with a grating of 1200 grooves/mm average pitch whose spectral range was from 45 to 250 k The spectrometer has a 50-atm entrance pinhole and a spectral resolution of 0. The width of the temperature value in Fig. 3 is due to the uncertainty of the ion density.
Triangles in Fig. 3 where U",U;, and C, are the radiative loss (reemission in the deflagration region), the ionization loss, and the sound speed C, = j'ZT, /m;, respectively. m; and n; are the ion mass and density. 4m;n;, C, 3 is the heat flux necessary to maintain a self-similar isothermal expansion in which case the outward heat flux is m;n;, C, and the inward flux is 3ritinis Cs3
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At first approximation (case 1), we neglected the ionization loss and the radiation loss as I"4m;n;, C, 3. The inward energy flux of reemission U, ' is assumed to be less than the energy flux necessary to form the deflagration as U, ' & 3m~n;, C, . The structure and thickness of the ablation region are approximated by a radiation mean free path L,. It is a reasonable assumption that the electron thermal conduction is neglected in the deflagration region, comparing the mean free paths of thermal electron with that of x-ray radiation. Moreover, L"and n;(x) are assumed to have forms such as L,(x) f(T,)g(n;) f(T, )/n;(x)2 and ni(x) n;, exp(-x/C, r), respectively; also, the energy density of reemission in the deflagration region is assumed to be negligibly small compared to that of the incident radiation. The ion density at the C-J point is given from diffusion approximation 4 for the radiation flux as
where r is the duration of the radiation pulse. ' In the absorption process of radiation, the plasma is assumed to be in equilibrium condition (T, 'r") .But in the emission process, the plasma may be out of the equilibrium condition, namely, the emissivity of reemission is much smaller than that in the case of the blackbody condition. A quasiequilibrium condition such as this might be reasonably assumed as long as x-ray pulse continues, since the x-ray produced plasma at the C-J point will have a low temperature and high density. Then a simple scaling of the temperature is obtained from Eqs. (1) and (2) A and A' are the atomic weight and the atomic number, respectively. This scaling as shown in Fig. 3 The scaling taking account of ionization loss is shown as a sohd line in Fig. 3 . This scaling is in good agreement with the experimental result over the x-ray intensity of 10'2 to 4 X 10' W/cm . This comparison implies that the incident radiation over such intensity will be quasiequihbrated with the plasma.
It should be also noted that the saturation of temperature is found at a x-ray intensity of more than 5x10'2 W/cm . There are some possible mechanisms for the saturation. Considering the temperature at the ion density of 10's cm 3, the radiation loss is one of the important factors used to determine the electron temperature. Al plasma has a peak of emissivity by L-shell emission at the electron temperature of about 100 eV. " Thus, the effect of radiation losses through L-shell emission will be essential to the temperature scaling near 100 eV and the temperature may be saturated around 100 eV. '
The ionization burnthrough in the x-ray absorption process may also be one of the factors saturating the electron temperature.~' 7 The photon energy of 100-300 eV of incident radiation is a component which forms about 30% of incident x-ray energy, and is mainly absorbed through the Al L-absorbed edge. However, temperature rise shifts the ionization front. Thus, incident radiation with the same energy flux penetrates further into a higher density region and heats a rather large volume, resulting in the temperature saturation.
Details of saturation mechanisms are beyond our scope and should be studied in the future.
In summary, we have measured the electron temperature of intense x-ray-heated Al plasma through XUV spectroscopy. The temperature scaled with x-ray intensity as T, 531"(10'3W/cm2)o29 (eV) over the range of intensity of 10'2 to 4X 10'~. Temperature scaling is also obtained with a simple self-regulating model taking account of the x-ray mean free path. Good agreement is found when we assume that the radiation is quasiequilibrated with plasma considering the ionization loss. Saturation of temperature at around T, -100 eV suggests a radiation loss by L-shell emission and/or ionization burnthrough in the absorbed region.
